The performance of transcranial Doppler Substitution of TCD for angiography to diagnose vasospasm of specific arteries could prove invaluable for research to determine the causes of vasospasm and delayed cerebral ischaemia, assess treatment of these conditions, and delineate predictors of outcome. Application of TCD to the clinical setting may assist in making decisions regarding timing of aneurysm surgery and selection and adjustment of therapy to alleviate vasospasm.
Accuracy of transcranial Doppler was better at 140 than at 120 cmls. For the middle cerebral artery, sensitivity was 86%, specificity 98%. For the anterior cerebral artery, sensitivity was 13%, specificity 100%. Among all patients, sensitivity was 45%, specificity 96%. Among patients with anterior communicating artery aneurysms, sensitivity was 14%, specificity 90%. Therefore, transcranial Doppler accurately differentiates between middle cerebral arteries with and without vasospasm on angiography, but has a very low sensitivity for detecting anterior cerebral artery vasospasm and vasospasm in patients with anterior communicating artery aneurysms. Since vasospasm may involve anterior cerebral arteries while sparing middle cerebral arteries, especially after rupture of an anterior communicating artery aneurysm, caution should be exercised in using negative transcranial Doppler results to make treatment decisions based on the assumed absence of vasospasm.
(C Neurol Neurosurg Psychiatry 1993;56:906-909) Transcranial Doppler (TCD) has been successfully applied to the detection of vasospasm following subarachnoid haemorrhage. Mean velocity in the middle cerebral artery (MCA) measured by TCD correlates well with vessel lumen diameter on angiographyl-4 and is significantly higher in patients who develop delayed cerebral ischaemia compared with those who do not.5 TCD has good sensitivity and specificity for diagnosing MCA vasospasm.3 4 6 7 Substitution of TCD for angiography to diagnose vasospasm of specific arteries could prove invaluable for research to determine the causes of vasospasm and delayed cerebral ischaemia, assess treatment of these conditions, and delineate predictors of outcome. Application of TCD to the clinical setting may assist in making decisions regarding timing of aneurysm surgery and selection and adjustment of therapy to alleviate vasospasm.
The accuracy of TCD in the diagnosis of MCA vasospasm has been encouraging with regard to both research and clinical issues. However, since the development of the TCD, it has been recognised that for the anterior cerebral artery (ACA), the anatomical course, most of it at right angles to The sensitivity and specificity of TCD compared with cerebral angiography to diagnose vasospasm of a specific artery were determined at mean velocities of >140 cm/s and >120 cm/s for the MCA and ACA. In addition, the sensitivity and specificity of TCD to classify patients as having vasospasm were determined at these two mean velocities. A2 segment is beyond the reach of transtemporal TCD so when vasospasm involves the A2 but not the A, segment, TCD gives a false negative result. ACA vasospasm may be diagnosed in error when high ACA velocities reflect low vascular resistance distal to the point of insonation. For example, left internal carotid artery (ICA) occlusion may lead to increased flow, and therefore high velocities, in the right ACA if this artery becomes an important source of collateral blood flow to the left ICA territory.
TCD operator experience and skill are important for accuracy of vessel identification and velocity measurement. In this study, the accurate classification of MCA vasospasm by TCD makes it unlikely that poor TCD operator skill alone would be a sufficient explanation of the low TCD sensitivity for detecting ACA vasospasm.
The TCD diagnostic criteria for vasospasm tested in this study, >120 cm/s and >140 cm/s were selected based on reports of TCD performance at these velocity limits and the reported correlation between MCA velocity and lumen area. The MCA velocity criteria for vasospasm assessed by other investigators include 110 cm/s (sensitivity 85%, specificity 98%3) and 120 cm/s (sensitivity 59%, specificity 100%,4 and sensitivity 78%9) At 120 cm/s, TCD sensitivity to diagnose ACA vasospasm has been reported as 71%.9 In the MCA, mean velocity >140 cm/s correlates -with reduction in lumen diameter to <1-5 mm"3, corresponding to >75% reduction in lumen area.20 Because this degree of lumen stenosis significantly reduces blood flow, mean velocity 140 cm/s has been recommended as the minimum velocity to diagnose vasospasm.' Brain infarction5 and delayed ischaemic deficits2 due to vasospasm may be rare at velocities below 140 cm/s, whereas the incidence of ischaemia due to vasospasm rises at velocities above 140 cm/s.27
In this study, mean velocity >140 cm/s proved a satisfactory TCD measure for diagnosing MCA vasospasm. Mean velocity >140 cm/s was a highly specific but very insensitive classifier of ACA vasospasm. Classification was no more accurate at mean velocity >120 cm/s. Other measures, not examined in this study, such as comparison of ipsilateral internal carotid artery and ACA mean velocities and pulsatility indices, or determination of change in ACA velocities over time, may prove more accurate classifiers of ACA vasospasm.
Low TCD sensitivity to vasospasm in a patient despite high TCD sensitivity to MCA vasospasm has been reported previously and attributed to vasospasm affecting arteries other than the MCA stem.4 In this study, the patient characteristic which explained TCD insensitivity to vasospasm in a patient was aneurysm location, with all false negatives occurring in patients with ACom aneurysms. Anatomy and technical problems may contribute to this low sensitivity in patients with ACom aneurysms.
Vasospasm following rupture of ACom aneurysms is most likely to involve the ACAs. Although some patients with ruptured AComs will experience vasospasm of other arteries as well, others will have only ACA vasospasm4 (and six of our seven patients with ACom aneurysms and vasospasm) and some will have vasospasm of the A2 but not the A, segments'5 (and three of our seven patients with ACom aneurysms and vasospasm). As discussed above, TCD has a low sensitivity for both A, and A2 vasospasm.
The condition of the patient affects the ease or difficulty of performing TCD. The restless, agitated patient may be unable to keep his head still long enough for accurate vessel identification and velocity measurement. The patient with a ruptured ACom aneurysm and consequent ACA vasospasm leading to frontal lobe ischaemia may be just the restless, agitated patient who cannot have a technically satisfactory TCD study.
In summary, the high specificities of TCD for classifying MCA and ACA vasospasm establish that the diagnosis of vasospasm can be made with confidence when mean velocities exceed 140 cm/s. Treatment decisions based on the presence of vasospasm, such as timing of surgery, institution of volume expansion, modification of calcium channel blocker dose, and selection of patients for percutaneous transluminal angioplasty of spastic cerebral arteries may be supported by such positive results and have been endorsed by other investigators.25792122 However, because TCD has such a low sensitivity for detecting ACA vasospasm and vasospasm in patients with ACom aneurysms, caution should be exercised in using negative TCD results (mean velocity <140 cm/s) to make treatment decisions based on the assumed absence of vasospasm. 
